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We give a complete characterization of repeating Domineering snake positions. 
1. Introduction 
Goran Andersson’s game of Domineering [2, p. 1151 (a.k.a. Dominoes [3, p. 741 or 
Cross-Cram [4]) is played on any subset of the squares of a graph paper. A Left move 
consists of placing a domino vertically; removing two squares. Right places dominoes 
horizontally. A player unable to move loses. 
In this paper we characterize (m, n)-snake positions which are formed by alternately 
traveling m squares across, n squares down. We also characterize another repeating 
chain motivated by Berlekamp Cl] for its relationship to 3 x n Domineering. 
For an introduction to combinatorial game theory, see [2, 31. In particular, the 
following concepts are assumed: 
l definition of game [2, p. 211, 
l sums and negatives of games [2, p. 331, 
0 3,>,=[2, p. 341, 
l numbers [2, p. 21-241 and * 12, p. 40-411 (note that ~*2~fn+ *.), 
l number avoidance theorem [2, p. 1441. 
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Fig. I. The same (I, 2)-snake in three representations. The (I, 2) indicates the relative repeating pattern is 
obtained by alternately adding 1 square across followed by 2 squares downward. 
2. Snakes 
Snakes have repeating patterns, so in diagrams we abbreviate a position by 
marking the repeated pattern with the number of times it occurs (see Fig. 1). The 
notches in the repeated pattern are for reference, indicating how the pieces fit together. 
A few simplification rules reduces the number of cases we need to consider. Long 
straight lines of connected squares can be reduced - each pair of additional squares in 
a sufficiently long line adds one to the value (Fig. 2). 
(1) 
Fig. 2 
Equation (1) implies analyzing (m, n)-snakes for m, n <4 is sufficient. Equation (2) 
reduces the number of boundary cases for specific (m, n)-snakes. Proving these equa- 
tions is done by matching options. For example, consider the difference game of the 
second equation (Fig. 3). Left’s moves at a and c are matched Right’s moves at e 
and d, respectively. Left’s move at b is clearly dominated by a. Similarly, Left can reply 
to Right’s move at d by playing a (Right’s move at e need not be considered by the 
number avoidance theorem [2, pp. 144, 1791.) The remaining moves can be played 
symmetrically, and hence the second player can always win the difference game. 
Fig. 3. 
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Fig. 4 
The (1, I)-snake is analyzed by Conway [3, p. 1171. The canonical forms are 
complicated and an exact description is not known. However, by forgiving infinitesi- 
mal errors (denoted here by the “z” symbol), the characterization shown in Fig. 4 is 
obtained. 
The (1, n) cases for II 2 2 have the next most complicated forms. Clearer representa- 
tions of the games can be given in terms of the Norton product of two games 
“g.h”, [2, p. 2461, or of Berlekamp’s generalization of the overheating operator [l], 
“jf 9”. We give formulas for the restricted case used here. If g = [g” I gR), 
Besides reducing the description of the canonical form, this operator has the following 
useful properties because it is a Norton multiple [2, p. 2461: 
(1) linearity: Sg+Jh=S(g+h), 
(2) order preserving: g 3 h * jg > s h. 
Also, in the (1, n) case, equations (2) and (1) of Fig. 2 happen to hold for one less 
square, reducing the number of cases (see Fig. 5). 
The analogous simplification to equation (4) in Fig. 5 is easily seen to hold for the 
(2,4) and (4,4) cases, reducing these to the (2, 2) case. The values of the (2,2)-snake 
appear in [2], and are also provided here for completeness. 
F-l I = LTyl+o except .: =f L (3) i 
II = 73-g +- / (4) 
Fig. 5 
The remaining positions, (m, n) where m, n 3 2 are simpler than the (1, n) cases, as all 
but some base cases have values of the form x or x*. 
Figures 6(a)-(i) summarize the results. These figures, along with equations (l)-(4), 
give a complete characterization. For example, the position given in Fig. 1 is J 2 (k = 3 
row of the following table). For k=8, using the period and saltus information, the 
value would be !2+ *j3= *j5. B ase cases not satisfying the period and saltus 
information are indicated by a line. 
Proofs of the results are tedious but straightforward. For the larger cases, a useful 
observation is that both players should play at the bends. Once all of the formulas are 
given, they can be verified by simple induction. 
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